To explore rapidly the potential chemical markers for differentiating Pseudostellariae Radix from different cultivated fields and germplasms, a method is proposed based on ultra-performance liquid chromatography-triple time-of-flight mass/mass spectrometry (UPLC-Triple TOF-MS/MS) coupled with multivariate statistical analysis. Peak matching, peak alignment, and noise filtering were used in analyzing mass spectrometric data. Accurate m/z value analysis of MS data based on software of database search and MS/MS fragment analysis were applied to identify constituents. The obtained data were statistically analyzed with hierarchical cluster analysis (HCA), principal component analysis (PCA), and partial least squared-discriminant analysis (PLS-DA) to compare the differences among these samples. The PLS-DA loading plot obtained from all mass data showed that 21 compounds were identified as the potential chemical markers to characterize the samples. The results provide experimental data to reveal the influence of ecological environments and germplasms on metabolite biosynthesis in Pseudostellariae Radix.
The alcohol-soluble extract of Pseudostellariae Radix contains peptides, volatile oils, fatty acids, esters, and other ingredients. In recent years, there are many reports on the determination and quality assessment of Pseudostellariae Radix [3, 4] ; fewer studies have been focused on the chemical composition of this herb. As this is affected by many factors, like origin and variety, the chemical compositions may differ between samples. Therefore, it is necessary to explore and identify as many as possible of the potential chemical markers for differentiation in Pseudostellariae Radix from different cultivated fields and germplasms. In this paper, a method based on ultra-performance liquid chromatography-triple time-offlight mass/mass spectrometry (UPLC-Triple TOF-MS/MS) coupled with multivariate statistical analysis was established to evaluate rapidly the differentiation in the chemical markers of Pseudostellariae Radix from different cultivated fields and germplasms. UPLC-Triple TOF-MS/MS has significant advantages, such as high sensitivity, high resolution, and high selectivity, which can also provide structural information of the samples [5] . In this study, UPLC-Triple TOF-MS/MS techniques for comparison of chemical compositions in Pseudostellariae Radix were utilized to provide a novel approach to the thinking about studies on chemical constituents.
In our preliminary experiment, in order to achieve chromatograms with good resolution of adjacent peaks with short analysis time, the conditions such as mobile phase, gradient elution, and extraction solvent were optimized. It was suggested that separation was better when the extraction solvent was methanol rather than 80% methanol, 60% methanol, 40% methanol, 20% methanol, and water. As for the mobile phase, methanol-water, acetonitrile-water, methanol-0.1% aqueous formic acid (v/v), and acetonitrile-0.1% aqueous formic acid (v/v) were compared in order to obtain chromatograms with the best resolution. Acetonitrile-0.1% aqueous formic acid (v/v) was the best choice. Representative chromatograms monitored by MS are shown in Figure 1 .
To evaluate the differences in chemical composition in different varieties of Pseudostellariae Radix from different cultivated fields and germplasms, supervised principal component analysis (PCA) was performed. After Pareto scaling with mean-centering, the data were displayed as scores in a coordinate system of latent variables, which resulted from the above samples. In the PCA scores plot ( Figure 2 ), Pseudostellariae Radix samples cultivated in Zherong (Fujian province) were mostly in the PC2 positive axis, and those from Jurong (Jiangsu province) were mostly located in the PC2 negative axis. This demonstrated that Pseudostellariae Radix from NPC Natural Product Communications 2016 Vol. 11 No. 12 1827 -1831 two different fields showed significant differences in chemical compositions. The differences within the groups in samples of Pseudostellariae Radix cultivated in Zherong (Fujian province) were greater than those in Jurong (Jiangsu province). This means that the accumulation of metabolites from different varieties of Pseudostellariae Radix cultivated in Jurong (Jiangsu province) could be more affected by local ecological factors. In contrast, the accumulation of metabolites in Pseudostellariae Radix cultivated in Zherong (Fujian province) was less affected by environmental factors. In order to verify the difference in chemical compositions in Pseudostellariae Radix from different cultivated fields, hierarchical cluster analysis (HCA) was used ( Figure 3 ). The result showed that 18 samples of Pseudostellariae Radix could be divided into two categories, one class of samples cultivated in Fujian Province, and another cultivated in Jiangsu Province. The result was consistent with the PCA analysis.
Partial least squares-discriminant analysis (PLS-DA) is an unsupervised analysis [6] . Variable were used to determine the differences between Pseudostellariae Radix from Jurong (Jiangsu Province) and from Zherong (Fujian Province). After Pareto scaling with mean-centering, the data were displayed as scores (t i ) in a coordinate system of latent variables, which resulted from the above samples. In the PLS-DA scores plot ( Figure 4A ), each coordinate represents a sample, and it could be observed that the determined samples clearly were divided into two clusters: Pseudostellariae Radix from Jurong (Jiangsu Province) and Pseudostellariae Radix from Zherong (Fujian Province). In order to find out the compositions contributing to the differences between the two cultivated regions, extended statistical analysis was used to plot PLS-DA loading ( Figure 4B ). In this plot, the ions detected with large loading values can be considered as markers that strongly contribute to the classification of those samples. Under the present chromatographic and MS conditions, the details of components are summarized in Table 1 . The mass accuracy of all assigned components was less than 5 ppm by comparing the empirical molecular formulas with those compounds. compounds, m, o, q, and r were identified as heterophyllin A (m and o), thyronine (q), and β-sitosterol (r) [8] .
According to the PLS-DA loading plot, the ions of potential biological markers for Pseudostellariae Radix from different fields were characterized by mass fragments coupled with UV spectral analysis. The intensity of pseudostellarin B, ɑ-aspartyl-lysine, heterophyllin B, pseudostellarin F, pseudostellarin A, β-sitosterol, and thyronine were higher in 9 Pseudostellariae Radix samples from Zherong (Fujian Province) than those from Jurong (Jiangsu Province). Similarly, 4 chemical markers (rutin, heterophyllin A, sucrose, and pseudostellarin D) were the ions of Pseudostellariae Radix from Jurong (Jiangsu Province) that contribute mainly to the difference between these two fields. The intensity trends showed that these ions were detected with higher intensity in samples of Pseudostellariae Radix from Jurong (Jiangsu Province) than samples from Zherong (Fujian Province). It is very interesting that these ions could be used as potential characteristic markers in Pseudostellariae Radix from different cultivated fields and germplasms.
In the potential chemical markers, heterophyllin A (HA) and heterophyllin B (HA) are the index components in Pseudostellariae Radix. The contents of HA and HB in Pseudostellariae Radix were determined by HPLC. The results showed that the contents of HA and HB cultivars from Zherong (Fujian Province) were higher than in cultivars from Jurong (Jiangsu Province). The contents of HB in germplasm from Zherong (Fujian Province) were much lower than in other germplasms, but the contents of HA in germplasm from Zherong (Fujian Province) were higher than in other germplasms. The contents of HA were higher than HB in Pseudostellariae Radix cultivars from Zherong (Fujian Province), but the contents of HB were much higher than HA in cultivars from other germplasms ( Table 2) .
In this study, UPLC-Triple TOF-MS/MS and multivariate statistical methods have been used to analyze the differentiation of Pseudostellariae Radix from different cultivated fields and germplasms. The UPLC-Triple TOF-MS/MS chromatogram showed that the quantity and quality of the diverse components existed in the plants at the same time. For reliable and easy comparison of the metabolomics profiling, the large chromatographic data set obtained from various chemical compositions can be used for analysis of PCA and PLS-DA. The results showed that one class of samples was cultivated in Zherong (Fujian Province), and another in Jurong (Jiangsu Province), which could be more affected by the accumulation of metabolites with different local ecological factors in different cultivated fields and germplasms. The PLS-DA loading plot was examined in order to obtain information about the potential chemical markers to differentiate Pseudostellariae Radix. The results of content determination showed that the contents of HA and HB in Pseudostellariae Radix cultivars from Zherong (Fujian Province) were higher than in cultivars from Jurong (Jiangsu Province). This indicated that the ecological factors might affect the contents of cyclic peptides in Pseudostellariae Radix. The contents of HB in germplasm from Zherong (Fujian Province) were much lower than in other germplasms, but the contents of HA in germplasm from Zherong (Fujian Province) were higher than in other germplasms. This also indicated that the germplasm might play a leading role in the dynamic accumulation of cyclic peptides in Pseudostellariae Radix. Furthermore, the correlation between the index components in Pseudostellariae Radix and local ecological factors was analyzed by correlation analysis for exploring the main climatic factors affecting the accumulation of index components in Pseudostellariae Radix. The results showed that the precipitation in June, average air humidity in June, average air humidity in July, precipitation in 2011, and accumulated temperature in June were the main ecological factors which impacted the contents of cyclic peptides in Pseudostellariae Radix. The accumulated temperature in June mainly affected HB, while the other ecological factors mainly affected HA (Table 3) .
Experimental
Reagents: Chromatographic grade acetonitrile and formic acid were purchased from Merck (Germany), and AR grade methanol from the Nanjing Chemical Reagent Co., Ltd, (No. 081110865). Three germplasm resources of Pseudostellariae Radix (jr-Jurong, Jiangsu province; zs-Zherong, Fujian province; sb-Shibing, Guizhou province) collected from genuine producing areas and established standard plant base. Three kinds of Pseudostellariae Radix were cultivated in 2 text bases from Jurong in Jiangsu province and Zherong in Fujian province in early November 2012, and in accordance with standardized cultivation procedures in transplanting and field management. Samples (JSJR-jr, JSJR-zs, JSJR-sb, FJZR-jr, FJZR-zs, and FJZR-sb) were harvested according to the traditional harvest time in Jurong (Jiangsu province) (119°16'25"N, 31°41'15"E) and Zherong (Fujian province) (119°54'2"N, 27°13'48"E).
Ultra-high performance liquid chromatography/triple quadrupole orthogonal acceleration time-of flight mass spectrometry (UPLC Triple TOF-MS/MS):
All samples were analyzed by using an UPLC system (SHIMADZUDGU Corp., Japan) interfaced with a Triple-TOF/MS equipped with an ESI source. An ACQUITY UPLC TM ODS C 18 column (100 mm × 2.1 mm × 1.8 μm) was used for all the analyses. The mobile phase was composed of A (0.1% formic acid, v/v) and B (acetonitrile) with gradient elution: 0-6 min, 85%-60% A; 6-10 min, 60%-50% A; 10-13 min, 50%-85% A. The flow rate was 0.3 mL/min. The column was maintained at 35°C. The Triple-TOF mass spectrometer was operated in positive ion mode with a capillary voltage of 4.5 kV. Centroided data were acquired for each sample from 100 to 1500 Da and dynamic range enhancement was applied throughout the MS experiment to ensure accurate mass measurement.
Sample preparation:
The pulverized samples of Pseudostellariae Radix from different cultivated regions were accurately weighed (approximately 1.0 g), and ultrasonically-extracted with 50.0 mL 100% (v/v) methanol for 45 mins. The filtrate was concentrated on a rotary evaporator to dryness. The residue was dissolved in methanol, transferred to a volumetric flask, and diluted with methanol to the mark.
Multivariate data analyses:
The UPLC-Triple TOF-MS/MS data of all samples were analyzed by Peakview1.2 software (AB Sciex, USA) to identify the potential chemical markers in samples from different cultivated fields and germplasms. For data collection, the method parameters were set as follows: retention time (t R ) range 0-13 min and mass in the range 100-1500 Da, with a mass tolerance of 0.05Da. The parameter of peak-to-peak baseline noise was automatically calculated. For the collection parameters, the intensity threshold was set at 10 counts, mass window 0.05 Da, and t R window 0.1 min. Isotopic peaks were excluded for analysis. Before submitted for multivariate analyses, the ion intensities for each detected peak were normalized against the sum of the peak intensities within that sample using Peakview software. Then the normalized data were analyzed using SIMCA-P software (Version 11.0, Umetrics AB, Umea, Sweden). Multivariate statistical analyses included principal component analysis (PCA), partial leastsquares discriminant analysis (PLS-DA), and loading plot.
Content determination:
All Pseudostellariae Radix samples were weighed exactly to 0.0001g, and each sample was repeated 3 times. The content determination of HA and HB in Pseudostellariae Radix was referred to the reliable method developed by us [9] .
Correlation analysis between index components and ecological factors:
ArcGIS was used to deal with the GPS data and forming the spatial data files. Then the GPS data and ecological attribute data files were imported in TCSGIS and the ecological attribute extracted. SPSS21.0 was used to analyze the correlation between the index components in Pseudostellariae Radix and local ecological factors.
